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QRUPD81(&(1776  (VWD QRUPD HPSOHD XQD VROXFLyQ GH  GH1D&O FRPRPHGLR GH FRQJHODFLyQ (O
GHWHULRURVHPLGHSRUODSpUGLGDGHPDVDVXSHUILFLDOWUDVFLFORVKLHORGHVKLHOR(VWHSURFHGLPLHQWRGHPHGLGDWLHQH























(Q SDtVHV FRQ FOLPD FRQWLQHQWDO HOFRQJHO DPLHQWR GHO
DJXD HQ ORV SRURV GHOKRUP LJyQ HVFD XVD IUHFXHQWH GH
GHWHULRURGHOKRUPLJyQ(OXVRGHVDOHV IXQGHQWHVSDUD
HYLWDU HOK LHOR HQ ODVXS HUILFLH GH ODVHVW UXFWXUDV GH
KRUPLJyQ LQWHQVLILFDHOGHWHULRURGHOPDWHULDO$SDUHFH
XQGHWHULRUR VXSHUILFLDOPDQLIHVWDGRSRU OD JHQHUDFLyQ
GH ILVXUDV\ HO GHVSUHQGLPLHQWRGH OiPLQDV OOHJDQGRD




(O HIHFWRGHO RV FLFORVGH KLHORGHVKLHOR &+' HVX Q
IHQyPHQR FRPSOHMR TXHKD  VLGR HVWXGLDGR GHVGH KDFH
DxRVSHURTXHDXQQRKDVLGRFRPSOHWDPHQWHH[SOLFDGR
(OWUDEDMRGHDOJXQRVLQYHVWLJDGRUHV>@KDSHUPLWLGR
HVWDEOHFHU ODVSULQFLSDOHV WHRUtDVVREUHORVPHFDQLV PRV
GH FRQJHODPLHQWR UHIHULGDV D ORV PRYLPLHQWRV GHO DV
VROXFLRQHV FRQWHQLGDV HQO RV SRURV \ VX FDPELR GH
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UHVLVWHQFLD GHO KRUPLJyQ DO KLHORGHVKLHOR PLGHQ HO
GHVFDVFDULOODPLHQWR GHO KRUPLJyQ SRU PHGLR GH OD
SpUGLGDGHPDVD(VWHSURFHGLPLHQWRHVVHQFLOOR\IiFLO 
GH HMHFXWDU SHUR SUHVHQWD DOJXQRV LQFRQYHQLHQWHV (O
HQVD\R GHEHG HWHQHUVH SDUDUHDO L]DU ODV PHGLFLRQHV GH
SHVR \ HO GHWHULRUR VyOR HV GHWHFWDGR FXDQGR KD\ XQ
GHVFDVFDULOODPLHQWRDSUHFLDEOH

(VWH WUDEDMR SURSRQH HYDOXDU HO GHWHULRUR PHGLDQWH HO
LQFUHPHQWR GH OD GHIRUPDFLyQ VXSHUILFLDO FRQ JDOJDV
H[WHQVRPpWULFDV \ PHGLDQWH OD PRGLILFDFLyQ GHOD 
YHORFLGDGGHSXOVRVXOWUDVyQLFRV(VWRVSURFHGLPLHQWRV
SHUPLWHQ PRQLWRUL]DU HQF RQWLQXR HO GHWHULRUR VLQ








6H FRQIHFFLRQDURQ GRVPH]FODV FRQ GLIHUHQWHPDWUL] \
HVWUXFWXUDSRURVDSDUDGHWHUPLQDUVXUHVLVWHQFLDIUHQWHDO




UtRD PP\JUDYD VLOtFHDURGDGDD PPFRQ
PyGXORJUDQXORPpWULFRGH\UHVSHFWLYDPHQWH
/D WDEODPXHVWUD ODGRVLILFDFLyQGH ODVPH]FODV/ RV
UHVXOWDGRV GH ORVHQVD\RV  GHFDUDFWH UL]DFLyQ GH ORV
KRUPLJRQHVHQHVWDGRIUHVFRVHSUHVHQWDQHQODWDEOD

















Tabla 2. Resultados de los ensayos de caracterización 












2.2. Procedimiento de ensayo 
/DVSUREHWDVGH KRUPLJyQXWLOL]DGDV SDUD HO HQVD\RGH
UHVLVWHQFLDIUHQWHDFLFORVKLHORGHVKLHORFRUUHVSRQGHQD
ODPLWDGGHXQFXERFRQiUHD VXSHUILFLDOGH[
PP \ GH PP GHDOWXUD6HFRQIHFFL RQDURQ FLQFR
SUREHWDVGHFDGDPH]FOD\VHHQVD\DURQGHDFXHUGRFRQ
OD QRUPD 81(&(1776  (QVD\R &')
0pWRGR DOWHUQDWLYR >@ 7HUPLQDGD OD SUHSDUDFLyQ
HVSHFLDO HVWDEOHFLGDHQOD  QRUPD SDUDO DV SUREHWDV
FXUDGR VHFDGR \VDWXUDFLyQ D ORV GtDV GHHGDG VH
FRORFDURQHQXQDFiPDUDFOLPiWLFD\VHVRPHWLHURQD 
FLFORVGHKLHORGHVKLHORYDULDQGR ODWH PSHUDWXUDHQWUH























Figura 1. Curva de temperatura para un ciclo H-D. 

(QODILJXUDVHPXHVWUDQODVSUREHWDVGHKRUPLJyQHQ
HO LQWHULRU GH ODFiP DUD FOLPiWLFD (OHQVD\ R GH
UHVLVWHQFLDDOKLHORGHVKLHORIXHUHDOL]DGRXWLOL]DQGRXQD
VROXFLyQGH1D&ODOFRPRPHGLRGHFRQJHODFLyQ/D




PHGLDQWH WUDWDPLHQWR HQ EDxR XOWUDVyQLFR /XHJR VH
ILOWUyODGLVROXFLyQFRQWHQLHQGRHOPDWHULDOGHVSUHQGLGR





Figura 2. Probetas de hormigón durante el ensayo. 
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/D PHGLFLyQ GHO D KXPHGDG \ OD WHPSHUDWXUD HQ HO
LQWHULRU GHO DV SUREHWDV GH KRUPLJyQ VH UHDOL]y FRQ
VHQVRUHV GLJLWDOHV HPEHELGRV GXUDQWH ODFRQIHFFL yQ GH
ODV SUREHWDV 6H XWLOL]DURQ WUHV VHQVRUHV FRORFDGRV 
PPKDFLDHO LQWHULRUGHOKRUPLJyQ DGLIHUHQWHVDOWXUDV
UHVSHFWR D OD VXSHUILFLH HQ FRQWDFWR FRQ HO PHGLR GH
FRQJHODFLyQFRPRVHPXHVWUDHQODILJXUD

/D GHIRUPDFLyQ VXSHUILFLDO HQFDGDSUREHWDGH 
KRUPLJyQVHPLGLyXVDQGRGRVEDQGDVH[WHQVRPpWULFDV
FRPHUFLDOHV DGKHULGDV HQ HOFHQ WUR GLVWDQFLD h1 GH OD
EDVH\HQODSDUWHVXSHULRUGLVWDQFLDh2GHODEDVHGH
OD VXSHUILFLH ODWHUDO GHO D SUREHWD /D SRVLFLyQ GH ODV
EDQGDVVHPXHVWUDHQODILJXUD

(Q FDGD SUREHWD GHK RUPLJyQ VHXW LOL]DURQ GRV
WUDQVGXFWRUHV HPLVRU \ UHFHSWRU TXH SHUPLWLHURQ
PHGLU HQF RQWLQXR OD YHORFLGDG GH SXOVR XOWUDVyQLFR
938DWUDYpVGHOKRUPLJyQ(OWLHPSRGHSURSDJDFLyQ
GH OD RQGD \ SRUO R WDQWR OD YHORFLGDG GHO SXOVR
XOWUDVyQLFR VH GHWHUPLQy PHGLDQWHODD SOLFDFLyQ GHO
















Figura 5. Transductores VPU. 
3. RESULTADOS Y DISCUSIÓN 

3.1. Propiedades mecánicas y físicas 

6H UHDOL]DURQHQVD\ RV GH FDUDFWHUL]DFLyQ GHO RV GRV
KRUPLJRQHVDQWHVGtDVGHHGDG\GHVSXpVGHORV
FLFORV GHKL HORGHVKLHOR GH DFXHUGR FRQ OD QRUPDWLYD
3DUDHOORVHXWLOL]DURQSUREHWDVFLOtQGULFDVGH[
PP TXHW XYLHURQ ODV PLVPDV FRQGLFLRQHV GH
SUHSDUDFLyQ TXH ODVSUREHWD V SULVPiWLFDV VRPHWLGDV DO
HQVD\RGHUHVLVWHQFLDDOKLHORGHVKLHOR(QODWDE ODVH
PXHVWUDQ ORV UHVXOWDGRVGH ORVHQVD\RVGHUHVLVWHQFLDD 
FRPSUHVLyQ PyGXOR GH HODVWLFLGDG HQ FRPSUHVLyQ \
UHVLVWHQFLD DWUDFFLyQLQGLUH FWD 7DPELpQ VHSUHVH QWDQ






GH ORV GRV KRUPLJRQHV VRQ VLPLODUHV 6HDSU HFLD HO
HIHFWR GHODLQFOXVLyQ GHO DGLWLYRDLUHDQWHHQOD
GLVPLQXFLyQGHODUHVLVWHQFLDGHOKRUPLJyQ+/RVGRV
KRUPLJRQHV WLHQHQGLVWLQWD HVWUXFWXUD SRURVD OR TXH VH
HYLGHQFLD SRU ORV UHVXOWDGRV GHORVH QVD\RV GH
SHUPHDELOLGDG (OK RUPLJyQ+ HVP iV SHUPHDEOH \D
TXH WDQWR OD SURIXQGLGDG GH SHQHWUDFLyQ GH DJXD EDMR





IXH OLJHUDPHQWH PD\RU TXH OD REWHQLGD D  GtDV GH
HGDG

/D SHUPHDELOLGDG GHO KRUPLJyQ VLQ DGLWLYR DLUHDQWH
DXPHQWy FRQVLGHUDEOHPHQWH GHVSXpV GH ORV &+'
PLHQWUDV TXH HQ HO KRUPLJyQ + VHP DQWXYR HQ ORV
PLVPRVQLYHOHVTXHWHQtDDORVGtDVGHHGDG(VWRHV
XQ LQGLFLR GHO GDxR TXH VXIULHURQ ODV SUREHWDV GHO
KRUPLJyQ+DOVHUVRPHWLGDVDORV&+'

Tabla 3. Resultados de los ensayos de caracterización 
de los hormigones en estado endurecido. 

3URSLHGDG +RUPLJyQ+ +RUPLJyQ+$QWHV 'HVSXpV $QWHV 'HVSXpV
5FRPSUHVLyQ
03D    
0HODVWLFLGDG





























/RV UHVXOWDGRV GH OD SpUGLGD GH PDVD VXSHUILFLDO VH
PXHVWUDQHQODILJXUD/DV SUREHWDVGHOKRUPLJyQ+
VH GHWHULRUDURQ DQWHV GH ORV & +' FRQ XQD PDVD
DFXPXODGD GH PDWHULDO GHVSUHQGLGR SURPHGLR GH 
NJPYDORUPi[LPRUHFRPHQGDGRSRUODQRUPD>@HQ
HOFLFOR\XQWRWDOGHNJPGHVSXpVGHOFLFOR

















































&+' (Q OD SUREHWD GHO KRUPLJyQ + VH REVHUYD XQ










F  G 

Figura 7. Aspecto de la superficie de los hormigones 
antes y después de 28 ciclos de hielo-deshielo. 





/D WHPSHUDWXUD PHGLGD HQ DPERV KRUPLJRQHV IXH
VLPLODU$GHPiVODYDULDFLyQ  GHODWH PSHUDWXUD HQODV 
GLIHUHQWHV DOWXUDV GHQWUR GHO DV SUREHWDV IXH
GHVSUHFLDEOH SHURVtVH REVHUYDURQ DOJXQDVGLIHUHQFLDV































Figura 8. Temperatura medida dentro de la cámara 
climática y en el interior de las probetas de hormigón. 

(QODILJXUDVHSUHVHQWDODKXPHGDGPi[LPD\PtQLPD
PHGLGD HQHO  LQWHULRU GH ODV SUREHWDV GHO RV GRV
KRUPLJRQHV(QHOKRUPLJyQ+HO  UDQJRGHYDULDFLyQ
GH OD KXPHGDG IXHP D\RU TXHH Q HO KRUPLJyQ +
DOFDQ]DQGR ODPi[LPDVDWXUDFLyQGHVSXpVGHO FLFOR





















Número de ciclos de hielo-deshielo
Variación de la humedad en el 
hormigón sin aditivo aireante (H2)
Variación de la humedad en el
hormigón con aditivo aireante (H1)

Figura 9. Curva de humedad durante los ciclos (CHD). 
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3.4. Deformación. 
(Q ODILJXUDVHP XHVWUD ODGHIRUPDFLyQPHGLGDFRQ
ODV JDOJDVH[W HQVRPpWULFDV /DV PHGLFLRQHV UHDOL]DGDV
FRQ ODVJDOJDVFRORFDGDVODSDUWHP HGLD K LQGLFDURQ
TXHDOILQDOGHORV&+'ODGHIRUPDFLyQUHVLGXDOGHO
KRUPLJyQ + IXHGH  PPP PLHQWUDV TXHHQHO 
KRUPLJyQ + IXHGHV yOR  PPP /DV JDOJDV
FRORFDGDV HQ OD SDUWH VXSHULRU K PRVWUDURQ PHQRU




























Número de ciclos de hielo-deshielo




Hormigón con aditivo aireante (H1) 
 Ubicación: Medio (h
1
)




Hormigón sin aditivo aireante (H2)





Figura 10. Deformación de la superficie de las probetas 
de hormigón durante los CHD. 

/D UHODFLyQH QWUH ODGH IRUPDFLyQ \ODWHPSHUDW XUD HQ
XQD SUREHWD GHO KRUPLJyQ + GXUDQWH ORV SULPHURV
FXDWUR&+'VHPXHVWUDHQODILJXUD(QFDGDFLFORVH
REVHUYD FRQWUDFFLyQ GXUDQWH HOGHVFH QVR GH OD
WHPSHUDWXUD \ H[SDQVLyQ GXUDQWH HO DXPHQWR GH OD
WHPSHUDWXUD&XDQGR ODWHPSHUDWXUDHVPtQLPD &
VHREVHUYDXQDJUDQFRQWUDFFLyQDOFDQ]DQGRVXPi[LPR
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Figura 11. Deformación de la superficie de una probeta 
del hormigón H2 en función de la temperatura. 
ODGHIRUPDFLyQDXPHQWD\HOKRUPLJyQVHH[SDQGHKDVWD
HO ILQDO GHO FLFOR /DG HIRUPDFLyQ SRVLWLYD FRQWLQ~D
KDVWD TXH OD WHPSHUDWXUD HVWi SRU GHEDMR GH & HQ HO
VLJXLHQWH FLFOR HQ GRQGH VHJHQH UD QXHYDPHQWH
FRQWUDFFLyQFRQHOFRQJHODPLHQWR

(Q HO KRUPLJyQ + OD GHIRUPDFLyQ GHO D VXSHUILFLH
DXPHQWD SURJUHVLYDPHQWH FRQHO  Q~PHUR GH FLFORV GH
KLHORGHVKLHOR JHQHUDQGR XQD GHIRUPDFLyQ UHVLGXDO
(VWHFRPSRUWDPLHQWRHVFRQJUXHQWHFRQ ODVWHRUtDVTXH
H[SOLFDQHOIHQyPHQR\FRQORVUHVXOWDGRVREWHQLGRVGHO
DXPHQWR SURJUHVLYR GH OD GHIRUPDFLyQ UHVLGXDO FRQ HO
GHWHULRURGHOPDWHULDO>@

3.5. Velocidad de pulso ultrasónico. 

(Q OD ILJXUD  VHP XHVWUD OD938P HGLGD HQODV
SUREHWDVGHORVGRVKRUPLJRQHVGXUDQWHORVFLFORVHQ
ODVFRQGLFLRQHVGHGHVKLHOR &\GHFRQJHODPLHQWR
& %DMR ODVFR QGLFLRQHV GH GHVKLHOR HO GHWHULRUR
SURJUHVLYRGHOKRUPLJyQFRQOOHYDXQDGLVPLQXFLyQGHOD




(O PRGXOR GLQiPLFR GH HODVWLFLGDG GHO KRUPLJyQ
58377 VHP XHVWUD HQOD ILJXUD (O YDORU GH 58377
GLVPLQX\H FRQHO  SDVR GH ORV &+' HQDP ERV
KRUPLJRQHVORFXDOHVLQGLFLRGHOGHWHULRURGHOPDWHULDO



































Número de ciclos de hielo-deshielo








Figura 12. Velocidad de pulso ultrasónico a través de 






LQVLJQLILFDQWH FRPSDUDGR FRQ HO GHWHULRUR GH ODV
SUREHWDV GHOKRUPLJyQ VLQDGLWLYR DLUHDQWH +FRPR
HUD GHHV SHUDU GHDF XHUGR FRQODGRVLILFDFLyQ\ 
FDUDFWHUtVWLFDV GH ODVP H]FODV (VWHUHVX OWDGR IXH
FRQILUPDGR SRUHOHQVD\RGHUHVLVWHQF LD DOKLHOR
GHVKLHOR\SRU ODPHGLFLyQFRQWLQXDGH ODGHIRUPDFLyQ
VXSHUILFLDO\GHODYHORFLGDGGHSXOVRXOWUDVyQLFR

















Número de ciclos de hielo-deshielo
Hormigón con aditivo aireante (H1)
Hormigón sin aditivo aireante (H2)


Figura 13. Módulo dinámico de elasticidad del 
hormigón durante los ciclos de hielo-deshielo. 

/D GHIRUPDFLyQ VXSHUILFLDO FRPR PHGLGD GH ORV
FDPELRVGHORQJLWXGHVXQEXHQLQGLFDGRUGHOGHWHULRUR
VXSHUILFLDO GHO KRUPLJyQ GHELGR DO RV FLFORV GH KLHOR
GHVKLHOR HQHVWHWLS R GH HQVD\RV /DV EDQGDV
H[WHQVRPpWULFDV FRPHUFLDOHV SXHGHQ UHHPSOD]DU ODV
PHGLFLRQHV GH GHVFDVFDULOODPLHQWR FRQYHQFLRQDOHV
PHGLGD GH OD PDVD VXSHUILFLDO GHVSUHQGLGD 3HUPLWH
DGHPiV HYDOXDU OD SURIXQGLGDG GHO GHWHULRUR DO
HVWDEOHFHUXQJUDGLHQWHGHGHIRUPDFLRQHVHQODFDUDGH 
PHGLGDGH ODVGHIRUPDFLRQHV7LHQH ODYHQWDMDDxDGLGD
GH SRGHU UHDOL]DU XQDP RQLWRUL]DFLyQ HQ FRQWLQXR VLQ
QHFHVLGDGGHSDUDUHOHQVD\RSDUDUHDOL]DUODVPHGLGDV

/DV GLIHUHQFLDV HQWUH ODV PHGLGDV GH OD YHORFLGDG GH
SXOVR XOWUDVyQLFR DW UDYpV GH ODV SUREHWDV GHO RV GRV




SRU PDWHULDO QR GHWHULRUDGR 1R REVWDQWH OD PHGLGD
UHDOL]DGDFRQODSUREHWDFRQJHODGDHQODSDUWH PiV IUtD
GHO FLFOR  & Vt TXH SRQH GH PDQLILHVWR XQ
SURJUHVLYRGHWHULRURGHOKRUPLJyQ

/D HYDOXDFLyQ GHO GHWHULRUR GHO KRUPLJyQPHGLDQWH OD
YDULDFLyQ GH OD YHORFLGDG GHO SXOVR XOWUDVyQLFR SDUHFH
PiV DGHFXDGD SDUD HQVD\RV HQO RV TXH VH LQGXFHHO 









,QQRYDFLyQ OD FRQFHVLyQ GH ORV SUR\HFWRV %,$
%,$&H,37
+pFWRU /5RPHURWD PELpQ DJUDGHFH DOD)XQGDFLyQ
$JXVWtQ GH %HWDQFRXUW OD EHFD FRQFHGLGD SDUDUHDOL]DU
VX WHVLVGR FWRUDO 00R OHUR HVWiVRSR UWDGR SRU HO
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